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The  primary  objective  of  this  research  project  was  to  carry  out  a  behavioral  cellular  and  computational  analysis  of 
operant  conditioning  of  the  head-waving  response  in  the  marine  mollusc  Aplysia.  The  major  motor  components  of 
the  operant  response  (head-waving)  were  revealed  with  detailed  kinematic  analysis;  the  biomechanical  principles 
underlying  the  operant  response  have  been  elucidated  and  a  fluid-hydrostat  model  of  head-waving  was  constructed; 
the  critical  muscle  groups  involved  in  the  generation  and  maintenance  of  the  operant  response  have  been  identified; 
the  timing  and  pattern  of  muscle  interactions  and  their  relationship  both  to  motor  neuron  activity  and  to  behavioral 
generation  of  the  operant  response  have  been  >pccificd;  the  endogenous  firing  rates  of  single  identified  motor  neurons 
can  be  operantly  conditioned  using  behaviorally  relevant  stimuli;  the  interganglionic  connections  responsible  for 
coordinating  the  operant  response  have  been  identified;  the  reinforcement  pathway  necessary  for  operant  conditioning 
has  been  identified  and,  techniques  have  now  been  developed  to  generate  a  network  model  for  information  processing 
involved  in  operant  conditioning,  as  well  as  other  forms  of  plasticity,  in  the  CNS  of  Aplysia.  One  hallmark  for  a 
successful  project  is  that  it  opens  new  and  exciting  areas  of  inquiry  at  the  same  time  that  it  satisfies  the  basic  project 
mission. 
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The  primary  objective  of  this  research  project  was  to  carry  out  a  behavioral. 


cellular  and  computational  analysis  of  operant  conditioning  of  the  head-waving 
response  in  the  marine  mollusc  Aplysia.  The  overall  project  was  divided  into  three 
basic  endeavors:  (i)  a  detailed  analysis  of  the  operant  response  (head- waving);  (ii)  an 
analysis  of  the  reinforcement  pathways  that  modify  the  response  (primarily  a  visual 
pathway);  and  (iii)  the  construction  of  a  quantitative  model  of  operant  conditioning. 
Significant  progress  was  made  in  all  aspects  of  the  project  reflected  by  the  1 1  primary 
publications  and  8  published  abstracts  over  the  award  period. 


The  fundamental  observations  made  during  the  project  include: 

The  major  motor  components  of  the  operant  response  (head-waving)  were 
revealed  with  a  detailed  kinematic  analysis 


The  biomechanical  principles  underlying  the  operant  response  have  been 
elucidated  and  a  fluid-hydrostat  model  of  head-waving  was  constructed 


•  The  critical  muscle  groups  involved  in  the  generation  and  maintenance  of  the 
operant  response  have  been  identified 

•  The  timing  and  pattern  of  muscle  interactions  and  their  relationship  both  to 
motor  neuron  activity  and  to  behavioral  generation  of  the  operant  response 
have  been  specified 


•  The  endogenous  firing  rates  of  single  identified  motor  neurons  can  be  operantly 
conditioned  using  behaviorally  relevant  stimuli 

•  The  interganglionic  connections  responsible  for  coordinating  the  operant 
response  have  been  identified 

•  The  reinforcement  pathway  necessary  for  operant  conditioning  has  been 
identified 

•  Techniques  have  now  been  developed  to  generate  a  network  model  for 
information  processing  involved  in  operant  conditioning,  as  well  as  other  forms 
of  plasticity,  in  the  CNS  of  Aplysia 

One  hallmark  for  a  successful  project  is  that  it  opens  new  and  exciting  areas  of 
inquiry  at  the  same  time  that  it  satisfies  the  basic  project  mission.  From  this 
perspective,  the  project's  success  is  underscored  by  the  continuation  of  active 
research  on  each  level  of  analysis  (behavioral,  cellular  and  computational), 
currently  ongoing  in  the  laboratory  in  the  hands  of  two  graduate  students  and  two 
post-doctoral  fellows. 

In  the  pages  that  follow  I  will  provide  an  overview  of  the  published  research 
resulting  from  the  award  and  the  primary  personnel  supported  by  the  project. 
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